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(57) ABSTRACT 

A computer retrieves a first changeset that is associated with 
a program. The computer identifies a first set of changes 
included in the first changeset based on a time stamp of a 
change, textual matching, and syntactical matching. The 
computer identifies a first area of interest within a source code 
of the program based, at least in part, on the first set of 
changes. The computer searches for a second set of changes 
based, at least in part, on the first area of interest. The com 
puter generates a result that includes, at least in part, the first 
set of changes. 
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1. 

IDENTIFICATION OF CODE CHANGES 
USINGLANGUAGE SYNTAXAND 

CHANGESET DATA 

FIELD OF THE INVENTION 

The present invention relates generally to the field of pro 
gram regression, and more particularly to the identification of 
code changes, using the syntax of the code language and 
changeset data, that causes program regression. 

BACKGROUND OF THE INVENTION 

The need for a logical way to organize and control revisions 
has existed for almost as long as writing has been in existence. 
However, revision control has become much more important, 
and complicated, with the advent of computer programs. 

Large modern Software development projects are often 
developed from complex designs. Often, a Software develop 
ment project can become very complex as the design evolves 
from the prototype stage to the fully fledged commercializa 
tion of the software project. Thus, when developers write 
code based upon a complex design, errors are inevitable. 
Often, the complexity of the design increases as the Software 
moves from prototyping to commercialization because of 
additional functionality that is incorporated into the proto 
type, or oversights and shortcomings in the design that 
become apparent to designers and developers over time. 
Therefore, revision control has become increasingly impor 
tant for software development. 
Some of the most capable, and most complex, revision 

control systems are those used in software development. 
Often, an entire development team has access to and may 
change a piece of software that is being developed. Therefore, 
software developers sometimes use revision control software 
to maintain documentation and configuration files, as well as 
Source code. As changes are made to a program, a changeset 
is generated that documents what changes were made. A 
changeset is a group of changes grouped by a period of time, 
Such as a day or a short period when the code has been 
checked in and out of a source code management system. A 
changeset can comprise changes from a single developer or 
group of developers. 

Typically, computer programs are written using specific 
programming languages. All programming languages have 
some primitive building blocks for the description of data and 
the processes or transformations applied to them (like the 
addition of two numbers or the selection of an item from a 
collection). These primitive building blocks are defined by 
sets of syntactic and semantic rules which describe their 
structure and meaning respectively. 

Often, computer programs communicate with and work in 
conjunction with other computer programs. Therefore, a 
change in the functioning of one program can adversely affect 
the functioning of other programs and lead to program rever 
sions. If the programs are written in the same program lan 
guage it may be possible to identify the change that caused the 
reversion. However, if the programs are written in different 
languages, then it can become far more difficult to identify the 
source of the reversion. 

SUMMARY 

Embodiments of the present invention disclose a method, 
computer program product, and system for identifying code 
changes. A computer retrieves a first changeset that is asso 
ciated with a program. The computer identifies a first set of 
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2 
changes included in the first changeset based on a time stamp 
of a change, textual matching, and syntactical matching. The 
computer identifies a first area of interest within a source code 
of the program based, at least in part, on the first set of 
changes. The computer searches for a second set of changes 
based, at least in part, on the first area of interest. The com 
puter generates a result that includes, at least in part, the first 
set of changes. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1 is a functional block diagram illustrating a revision 
control environment, in accordance with an exemplary 
embodiment. 

FIG. 2 illustrates operational steps of a code change pro 
gram, on a computing device within the revision control 
environment of FIG. 1, in accordance with an exemplary 
embodiment. 

FIG.3 depicts a block diagram of components of the com 
puting device executing the code change program, within the 
program testing environment of FIG. 1, in accordance with an 
exemplary embodiment. 

DETAILED DESCRIPTION 

The syntax of a program language describes the possible 
combinations of symbols that form a syntactically correct 
program, i.e., the combinations of symbols that are consid 
ered to be correctly structured programs in that language. The 
meaning given to the combination of symbols is controlled by 
the semantics of the program language, which can be either 
formal or hard-coded in a reference implementation. The 
Syntax of a language defines its Surface form. Most program 
ming languages are purely textual; they use sequences of text 
including words, numbers, and punctuation, much like writ 
ten natural languages. Text-based programming languages 
are based on sequences of characters. Conversely, there are 
Some programming languages which are more graphical in 
nature and use visual relationships between symbols to 
specify a program. Visual programming languages are based 
on the spatial layout and connections between symbols, 
which may be textual or graphical. 
The lexical structure of a textual language specifies how 

characters must be sectioned into tokens. A token is a string of 
characters, categorized according to the rules as a symbol 
(e.g., an identifier, a number, or a comma). Other syntax rules 
specify the permissible sequences of these tokens and the 
process of assigning meaning to these token sequences is part 
of semantics. 
The syntax of textual programming languages are usually 

defined using a combination of regular expressions for lexical 
structure, and Backus-Naur Form for grammatical structure, 
to inductively specify syntactic categories (non-terminals) 
and terminal symbols. Syntactic categories are defined by 
rules called productions, which specify the values that belong 
to a particular syntactic category. Terminal symbols are the 
concrete characters or strings of characters (for example, 
keywords such as define, if, let, or void) from which syntac 
tically valid programs are constructed. 
A syntactical analysis of source code usually entails the 

transformation of the linear sequence of tokens into a hierar 
chical syntax tree. For example, abstract syntax trees are one 
form of syntax tree. The process of transforming the linear 
sequence of tokens into a hierarchical syntax tree is called 
parsing. 
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In computer Software engineering, revision control is any 
practice that tracks and provides control over changes to 
Source code. As multiple individuals design, develop and 
deploy software, it is common for multiple versions of the 
same software to be deployed in different sites and for the 
multiple individuals to be working simultaneously on 
updates. Program bugs or features of the program are often 
only present in certain versions of the program. 

Often, as a program is developed, program bugs arise from 
the process of patching, or fixing, problems in the program. 
As the program bugs are patched, new program bugs can be 
unexpectedly produced. A program bug is an error, flaw, 
mistake, failure, or faultina computer program or system that 
produces an incorrect or unexpected result, or causes the 
program to behave in unintended ways. A Software regression 
is a type of program bug that makes a feature stop functioning 
as intended after a certain event, e.g., a program patch is 
executed. A program performance regression is a type of 
Software regression where the program still functions cor 
rectly, but performs slowly or uses more memory when com 
pared to previous versions of the program. 

Typically, program bugs arise from mistakes and errors 
made by individuals in either a program’s source code or the 
design of the program, and a few are caused by compilers 
producing incorrect code. Program bugs can trigger errors 
that can in turn have a wide variety of ripple effects, e.g., a 
systemic spread of an error, with varying levels of inconve 
nience to the user of the program. Certain program bugs can 
have subtle effects on the functionality of a program and may 
go undetected for an extended period of time. In contrast, 
more serious bugs may cause the program to completely 
cease functioning, i.e., a program crash. 

In an effort to reduce the time spent tracking down the 
Sources of program bugs, revision control systems are often 
employed to generate records of the changes made to pro 
grams, which are often in the form of changesets. While, a 
changeset can be helpful in identifying a change, to the data 
included in the changeset, the changeset may not be sufficient 
to identify the source of a program bug. For example, a 
changeset may not identify the source of a program bug if the 
program bug resulted from the interaction of one program 
with another. Further, as programs are developed numerous 
updates to line numbering, file names, method classes, and 
methods can make it very difficult to track down the actual 
Source of a program bug. Tracking down the Source of a 
program bug can be further complicated by compiling errors 
and errors resulting from two interacting programs being 
written in different program languages. 
As will be appreciated by one skilled in the art, aspects of 

the present invention may be embodied as a system, method 
or computer program product. Accordingly, aspects of the 
present invention may take the form of an entirely hardware 
embodiment, an entirely software embodiment (including 
firmware, resident software, micro-code, etc.) or an embodi 
ment combining software and hardware aspects that may all 
generally be referred to herein as a “circuit,” “module' or 
“system.” Furthermore, aspects of the present invention may 
take the form of a computer program product embodied in one 
or more computer-readable medium(s) having computer 
readable program code/instructions embodied thereon. 
Any combination of computer-readable media may be uti 

lized. Computer-readable media may be a computer-readable 
signal medium or a computer-readable storage medium. A 
computer-readable storage medium may be, for example, but 
not limited to, an electronic, magnetic, optical, electromag 
netic, infrared, or semiconductor system, apparatus, or 
device, or any suitable combination of the foregoing. More 
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4 
specific examples (a non-exhaustive list) of a computer-read 
able storage medium would include the following: an electri 
cal connection having one or more wires, a portable computer 
diskette, a hard disk, a random access memory (RAM), a 
read-only memory (ROM), an erasable programmable read 
only memory (EPROM or Flash memory), an optical fiber, a 
portable compact disc read-only memory (CD-ROM), an 
optical storage device, a magnetic storage device, or any 
suitable combination of the foregoing. In the context of this 
document, a computer-readable storage medium may be any 
tangible medium that can contain, or store a program for use 
by or in connection with an instruction execution system, 
apparatus, or device. 
A computer-readable signal medium may include a propa 

gated data signal with computer-readable program code 
embodied therein, for example, in baseband or as part of a 
carrier wave. Such a propagated signal may take any of a 
variety of forms, including, but not limited to, electro-mag 
netic, optical, or any Suitable combination thereof. A com 
puter-readable signal medium may be any computer-readable 
medium that is not a computer-readable storage medium and 
that can communicate, propagate, or transport a program for 
use by or in connection with an instruction execution system, 
apparatus, or device. 

Program code embodied on a computer-readable medium 
may be transmitted using any appropriate medium, including 
but not limited to wireless, wireline, optical fiber cable, RF, 
etc., or any suitable combination of the foregoing. 
Computer program code for carrying out operations for 

aspects of the present invention may be written in any com 
bination of one or more programming languages, including 
an object oriented programming language such as JavaM, 
Smalltalk, C++ or the like and conventional procedural pro 
gramming languages, such as the “C” programming language 
or similar programming languages. The program code may 
execute entirely on a users computer, partly on the user's 
computer, as a stand-alone software package, partly on the 
user's computer and partly on a remote computer or entirely 
on the remote computer or server. In the latter scenario, the 
remote computer may be connected to the user's computer 
through any type of network, including a local area network 
(LAN) or a wide area network (WAN), or the connection may 
be made to an external computer (for example, through the 
Internet using an Internet Service Provider). 

Aspects of the present invention are described below with 
reference to flowchart illustrations and/or block diagrams of 
methods, apparatus (systems) and computer program prod 
ucts according to embodiments of the invention. It will be 
understood that each block of the flowchart illustrations and/ 
or block diagrams, and combinations of blocks in the flow 
chart illustrations and/or block diagrams, can be imple 
mented by computer program instructions. These computer 
program instructions may be provided to a processor of a 
general purpose computer, special purpose computer, or other 
programmable data processing apparatus to produce a 
machine, such that the instructions, which execute via the 
processor of the computer or other programmable data pro 
cessing apparatus, create means for implementing the func 
tions/acts specified in the flowchart and/or block diagram 
block or blocks. 

These computer program instructions may also be stored in 
a computer-readable medium that can direct a computer, 
other programmable data processing apparatus, or other 
devices to function in a particular manner, Such that the 
instructions stored in the computer-readable medium produce 
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an article of manufacture including instructions which imple 
ment the function/act specified in the flowchart and/or block 
diagram block or blocks. 
The computer program instructions may also be loaded 

onto a computer, other programmable data processing appa 
ratus, or other devices to cause a series of operational steps to 
be performed on the computer, other programmable appara 
tus or other devices to produce a computer-implemented pro 
cess such that the instructions which execute on the computer 
or other programmable apparatus provide processes for 
implementing the functions/acts specified in the flowchart 
and/or block diagram block or blocks. 
The present invention will now be described in detail with 

reference to the Figures. FIG. 1 is a functional block diagram 
illustrating a revision control environment, generally desig 
nated 100, in accordance with one embodiment of the present 
invention. 

Revision control environment 100 includes computing 
device 110, and storage device 120 connected over network 
130. Computing device 110 includes area 113, code change 
program 115, preferences 117, and results 119. Storage 
device 120 includes syntax 121, changesets 123, references 
127, and product 129. 

In alternative embodiments, code change program 115 and 
preferences 117 may be stored externally to computing 
device 110 and accessed through network 130. Network 130 
can be, for example, a local area network (LAN), a wide area 
network (WAN) such as the Internet, or a combination of the 
two, and may include wired, wireless, fiber optic or any other 
connection known in the art. In general, network 130 can be 
any combination of connections and protocols that will Sup 
port communications between computing device 110 and 
storage device 120 in accordance with an exemplary embodi 
ment of the present invention. 

In various embodiments of the present invention, comput 
ing device 110 can be a server, a laptop computer, a tablet 
computer, a netbook computer, a personal computer (PC), 
desktop computer, a personal digital assistant (PDA), a Smart 
phone, or any programmable electronic device capable of 
communication via network 130. In other exemplary embodi 
ments, computing device 110 can represent a computing sys 
tem utilizing clustered computers and components to act as a 
single pool of seamless resources. In general, computing 
device 110 is a computing device with access to area 113, 
code change program 115, preferences 117, and results 119, 
and is capable of executing code change program 115, and has 
to access the functions and attributes of storage device 120. 
Computing device 110 may include internal and external 
hardware components, as depicted and described in further 
detail with respect to FIG. 3. 

In various embodiments of the present invention, storage 
device 120 is a data storage device in communication with 
computing device 110. In general, storage device 120 is a data 
storage device used to store data, Such as the data included in 
syntax 121, changesets 123, references 127, and product 129. 
Typically, the data included in syntax 121, changesets 123, 
references 127, and product 129 is accessed as needed by 
computing device 110 via network 130. In some embodi 
ments, storage device 120 is integral with computing device 
110. 

In an exemplary embodiment, product 129 is a program 
that is being developed or is in the process of being updated. 
As changes are made to product 129, records of the changes 
made are created and stored as changesets 123. Syntax 121 
are files containing the syntax information of various program 
language(s) used to create program 129 as well as the syntax 
information of language(s) used to create any programs 
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6 
included in references 127. In general, references 127 
includes a list of programs that interact with product 129, 
during the normal functioning of product 129. In certain 
exemplary embodiments, references 127 can further include 
copies of the actual programs and/or records of the specific 
program code with which product 129 interacts. 

In an exemplary embodiment, code change program 115 is 
a program that identifies changes in the program code of 
product 129. Typically, code change program 115 receives a 
set of user preferences, which are stored as preferences 117. 
and applies those preferences to generate an area of interest, 
which is a selection of program code herein denoted as area 
113, and performs a search of changesets 123 based on the 
area of interest. As changes in product 129 are identified, code 
change program 115 updates the area of interest according to 
the changes and saves the new area of interest as part of area 
113. In general, changes identified during the search are saved 
as results 119. Code change program 115 typically presents 
the results of the search in the form of a report. For further 
details regarding the functioning of code change program 115 
see the discussion of FIG. 2 below. 

FIG. 2 is a flow chart, 200, illustrating the operational steps 
utilized by code change program 115 to identify the changes 
made to product 129, in accordance with an exemplary 
embodiment. 

In an exemplary embodiment, in response to receiving the 
request for a search, step 205, code change program 115 
identifies and retrieves the search preferences from prefer 
ences 117, in step 210. Typically, the search preferences are 
customized by a user to indicate a specific period of time and 
an area of interest, included in area 113, to be searched for 
changes to the program of product 129. For example, after a 
week of updating product 129, a Software engineer attempts 
to run a simulation to test the functionality of product 129. 
The results of the test indicate that product 129 is running 
twice as slow as the non-updated version. The Software engi 
neer customizes preferences 117 to include the time period of 
that week as a search parameter and executes a search using 
code change program 115. 

In an exemplary embodiment, in step 215, code change 
program 115 searches the changesets of product 129, which 
are included in changesets 123 of storage device 120, for any 
changes that were logged during the specified period of time. 
If a new change is identified (decision step 220, yes branch), 
then code change program 115 attempts to identify the type of 
change as a textual match or as a syntactical match in step 
225. To identify a textual match, code change program 115 
examines the source code of the change as text, i.e., the source 
code examined without knowledge of the language syntax. In 
other words, sequences of text, including sequences of char 
acters words, numbers, and punctuation, are examined to 
identify matches between the logged changes and the source 
code. If the changes associated with a changeset, e.g., addi 
tions, removals, and updates, affect the area of interest, then 
there is a textual match. For example, an area of interest 
includes lines 50-120 in source A and the change indicates the 
removal of lines 30-40. The removal of lines 30-40 therefore 
shifted the area of interest because the numbering of the lines 
included in the area of interest was changed. Since the change 
affects some of the lines included in the area of interest, this 
is considered a textual match. 

In an exemplary embodiment, to identify a syntactical 
match, code change program 115 examines the source code of 
the change using knowledge of the system and framework 
code. The knowledge of various language syntax, system 
code, and framework code are included in syntax 121. In 
general, code change program 115 analyses the area of inter 
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est using the language syntax used to create the program, i.e., 
product 129, and an associated abstract syntax tree. For 
example, there is a statement of the type: object A. 
methodl ( ) and object A is of the user class C. If C: 
method 1 () is in the changeset, then there is a syntactical 
match. Using the information included in Syntax 121, code 
change program 115 can exclude specific types of code. For 
example, references to specific objects, such as language 
objects, can be ignored during the analysis. 

In an exemplary embodiment, if the change could not be 
identified as a textual match or as a syntactical match (deci 
sion step 230, no branch), then a message that is generated 
indicating the change was not identified and the result and the 
message are saved as part of results 119, in step 235. Code 
change program 115 then returns to step 215 and continues 
searching the changesets for additional changes. 

In an exemplary embodiment, if the change is identified as 
a textual match or a syntactical match (decision step 230, yes 
branch), then code change program 115 saves a copy of the 
search result as part of results 119, in step 240. In step 245, 
based on the search result, code change program 115 re 
computes the area of interest by taking into account the iden 
tified change. The re-computed area of interest is then saved 
as part of area 113. For example, the search preferences 
indicate an area of interest corresponding to code lines 10-20. 
A Subsequent search identifies a change that is a textual 
match, namely the change that indicates code lines 1-5 were 
added. To re-compute the area of interest the inverse of the 
change contained in the changeset must be performed. As a 
result, code change program 115, re-computes the area of 
interest, included in area 113, to include code lines 5-15 for 
changesets logged before the change. 

In an exemplary embodiment, in step 250, code change 
program 115 analyzes the contents of the re-computed area of 
interest, which is included in area 113. Code change program 
115 uses the information included in syntax 121 to identify 
other possible sources of error, which are included in refer 
ences 127, that may have caused the error identified in prod 
uct 129. For example, code change program 115 identifies 
three other programs that work in collaboration with product 
129. Code change program 115 then determines that the 
identified changes affected the collaboration between the pro 
grams and adds this information to results 119. After the 
analysis, code change program 115 returns to step 215. 

In an exemplary embodiment, if another possible source of 
erroris identified, then code change program 115 generates a 
result based on the possible source of error and saves this 
information as part of results 119. Code change program 115 
then analyses the change with respect to the knowledge 
included in syntax 121 and determines if the change affected 
area 113, i.e., could have caused the error. For example, a first 
method call indicates a retrieval of a data from a different 
program using a second method. An identified change indi 
cates that the class of the second method has been altered. The 
change in the class of the second method does not by itself 
initiate a regression in product 129. However, the change may 
affect communication between product 129 and the other 
program. As a result, code change program 115 searches 
references 127 for data indicating other sources which may 
have been affected by the change. Code change program 115 
identifies the program that communicates with product 129 
using the second method included in the change. Code change 
program 115 includes the data relating the change to the other 
program, as part of results 119, and indicates that there may 
be a problem with communication between product 129 and 
the other program due to the class change. 
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8 
In an exemplary embodiment, if no new changes are iden 

tified (decision step 220, no branch), then code change pro 
gram 115 generates a report of the search results and saves it 
as part of results 119, in step 255. The report can then be used 
to guide future changes made to product 129. 

FIG.3 depicts a block diagram, 300, of the components of 
computing device 110, in accordance with an illustrative 
embodiment of the present invention. It should be appreciated 
that FIG. 3 provides only an illustration of one implementa 
tion and does not imply any limitations with regard to the 
environments in which different embodiments may be imple 
mented. Many modifications to the depicted environment 
may be made. 
Computing device 110 includes communications fabric 

302, which provides communications between computer pro 
cessor(s) 304, memory 306, persistent storage 308, commu 
nications unit 310, and input/output (I/O) interface(s) 312. 
Communications fabric 302 can be implemented with any 
architecture designed for passing data and/or control infor 
mation between processors (such as microprocessors, com 
munications and network processors, etc.), system memory, 
peripheral devices, and any other hardware components 
within a system. For example, communications fabric 302 
can be implemented with one or more buses. 
Memory 306 and persistent storage 308 are computer 

readable storage media. In this embodiment, memory 306 
includes random access memory (RAM) 314 and cache 
memory 316. In general, memory 306 can include any suit 
able Volatile or non-volatile computer-readable storage 
media. 
Code change program 115, area 113, preferences 117. 

results 119, syntax 121, changesets 123, references 127, and 
product 129 are stored in persistent storage 308 for execution 
and/or access by one or more of the respective computer 
processors 304 via one or more memories of memory 306. In 
this embodiment, persistent storage 308 includes a magnetic 
hard disk drive. Alternatively, or in addition to a magnetic 
hard disk drive, persistent storage 308 can include a solid state 
hard drive, a semiconductor storage device, read-only 
memory (ROM), erasable programmable read-only memory 
(EPROM), flash memory, or any other computer-readable 
storage media that is capable of storing program instructions 
or digital information. 
The media used by persistent storage 308 may also be 

removable. For example, a removable hard drive may be used 
for persistent storage 308. Other examples include optical and 
magnetic disks, thumb drives, and Smart cards that are 
inserted into a drive for transfer onto another computer-read 
able storage medium that is also part of persistent storage 308. 
Communications unit 310, in these examples, provides for 
communications with other data processing systems or 
devices, including resources of storage device 120. In these 
examples, communications unit 310 includes one or more 
network interface cards. Communications unit 310 may pro 
vide communications through the use of either or both physi 
cal and wireless communications links. Code change pro 
gram 115, area 113, preferences 117, results 119, syntax 121, 
changesets 123, references 127, and product 129 may be 
downloaded to persistent storage 308 through communica 
tions unit 310. 

I/O interface(s)312 allows for input and output of data with 
other devices that may be connected to computing device 110. 
For example, I/O interface 312 may provide a connection to 
external devices 318 such as a keyboard, keypad, a touch 
screen, and/or some other Suitable input device. External 
devices 318 can also include portable computer-readable 
storage media Such as, for example, thumb drives, portable 
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optical or magnetic disks, and memory cards. Software and 
data used to practice embodiments of the present invention, 
e.g., code change program 115, area 113, preferences 117. 
results 119, syntax 121, changesets 123, references 127, and 
product 129, can be stored on such portable computer-read 
able storage media and can be loaded onto persistent storage 
308 via I/O interface(s)312. I/O interface(s)312 also connect 
to a display 320. 

Display 320 provides a mechanism to display data to a user 
and may be, for example, a computer monitor, or a television 
SCC. 

The programs described herein are identified based upon 
the application for which they are implemented in a specific 
embodiment of the invention. However, it should be appreci 
ated that any particular program nomenclature herein is used 
merely for convenience, and thus the invention should not be 
limited to use solely in any specific application identified 
and/or implied by Such nomenclature. 
The flowchart and block diagrams in the Figures illustrate 

the architecture, functionality, and operation of possible 
implementations of systems, methods and computer program 
products according to various embodiments of the present 
invention. In this regard, each block in the flowchart or block 
diagrams may represent a module, segment, or portion of 
code, which comprises one or more executable instructions 
for implementing the specified logical function(s). It should 
also be noted that, in Some alternative implementations, the 
functions noted in the block may occur out of the order noted 
in the figures. For example, two blocks shown in Succession 
may, in fact, be executed Substantially concurrently, or the 
blocks may sometimes be executed in the reverse order, 
depending upon the functionality involved. It will also be 
noted that each block of the block diagrams and/or flowchart 
illustration, and combinations of blocks in the block diagrams 
and/or flowchart illustration, can be implemented by special 
purpose hardware-based systems that perform the specified 
functions or acts, or combinations of special purpose hard 
ware and computer instructions. 
What is claimed is: 
1. A method of identifying code changes, the method com 

prising: 
a computer retrieving a first changeset that is associated 

with a program based, at least in part, on a search param 
eter that includes a range of time and a first area of 
interest that indicates a first portion of a source code of 
the program; 

the computer identifying a first set of changes included in 
the first changeset based on a time stamp of a change, 
wherein a time of the time stamp is included within the 
range of time, and wherein first set of changes includes 
a change to a region of the source code that is included in 
the first area of interest, 

the computer determining whether the change included in 
the first set of changes is a textual change or a syntactical 
change to the region of the source code, based on textual 
matching and syntactical matching, wherein syntactical 
matching includes a comparison of a first valid syntax of 
the first set of changes to a second valid syntax of the 
region of the Source code of the program that corre 
sponds to the first set of changes, and wherein the com 
parison reveals that a syntax of the source code of the 
program was changed by the first set of changes from 
second valid syntax to the first valid syntax: 

the computer generating a second area of interest that 
includes a second portion of the Source code of the 
program by updating the first area of interest based, at 
least in part, on i) the change being a textual change or a 
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Syntactical change and ii) an inverse of an operation 
included in the change, such that the second area of 
interest includes a third portion of source code that is not 
indicated by the first area of interest; 

the computer searching for a second set of changes based, 
at least in part, on the second area of interest; 

the computer identifying a possible source of an error 
based, at least in part, on a result of an analysis of a 
Syntax of the second set of changes; and 

the computer generating a result that includes, at least in 
part, the second set of changes and an indication of the 
possible source of the error. 

2. The method of claim 1, wherein one or both of the first 
set of changes and the second set of changes include records 
of changes made to a program. 

3. The method of claim 1, wherein one or both of the first 
set of changes and the second set of changes include changes 
that have been made to a program. 

4. The method of claim 1, wherein the step of the computer 
generating a second area of interest includes one or more of 
the steps of: 

identifying changes that are a textual match to the first set 
of changes: 

identifying one or more changes that are a syntactical 
match to the first set of changes; 

performing an inverse of an operation included in a change 
of the one or more changes; and 

generating the second area of interest based, at least in part, 
on one or both of the inverse of the operation of the one 
or more changes and the syntactical match. 

5. The method of claim 1, wherein the second set of 
changes are included, at least in part, in a second changeset. 

6. The method of claim 1, the method further including the 
steps of: 

the computer retrieving the second set of changes, wherein 
the changes included in the second set of changes are 
Selected based one or more of a time stamp of a change, 
textual matching, and syntactical matching; and 

the computer generating a result that includes, at least in 
part, the first set of changes and the second set of 
changes. 

7. The method of claim 1, the method further including the 
step of: 

the computer identifying a third area of interest based, at 
least in part, on a result of an analysis of the second set 
of changes. 

8. A computer program product for identifying code 
changes, the computer program product comprising: 

one or more computer-readable storage media and pro 
gram instructions stored on the one or more computer 
readable storage media, wherein the one or more com 
puter-readable storage media are not transitory signals, 
the program instructions comprising: 
program instructions to retrieve a first changeset that is 

associated with a program based, at least in part, on a 
search parameter that includes a range of time and a 
first area of interest that indicates a first portion of a 
Source code of the program; 

program instructions to identify a first set of changes 
included in the first changeset based on a time stamp 
of a change, wherein a time of the time stamp is 
included within the range of time, and wherein first set 
of changes includes a change to a region of the source 
code that is included in the first area of interest, 

the computer determining whether the change included 
in the first set of changes is a textual change or a 
Syntactical change to the region of the Source code, 
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based on textual matching, and syntactical matching, 
wherein syntactical matching includes a comparison 
of a first valid syntax of the first set of changes to a 
second valid syntax of the region of the source code of 
the program that corresponds to the first set of 
changes, and wherein the comparison reveals that a 
Syntax of the Source code of the program was changed 
by the first set of changes from second valid syntax to 
the first valid syntax: 

program instructions to generate a second area of inter 
est that includes a second portion of the source code of 
the program by updating the first area of interest 
based, at least in part, on i) the change being a textual 
change or a syntactical change and ii) an inverse of an 
operation included in the change, Such that the second 
area of interest includes a third portion of source code 
that is not indicated by the first area of interest; 

program instructions to search for a second set of 
changes based, at least in part, on the second area of 
interest; 

program instructions to identify a possible source of an 
error based, at least in part, on a result of an analysis 
of a syntax of the second set of changes; and 

program instructions to generate a result that includes, at 
least in part, the second set of changes and an indica 
tion of the possible source of the error. 

9. The computer program product of claim 8, wherein one 
or both of the first set of changes and the second set of changes 
include records of changes made to a program. 

10. The computer program product of claim8, wherein one 
or both of the first set of changes and the second set of changes 
include changes that have been made to a program. 

11. The computer program product of claim 8, wherein the 
program instructions to generate a second area of interest 
includes one or more of: 

program instructions to identifying changes that are a tex 
tual match to the first set of changes; 

program instructions to identify one or more changes that 
are a syntactical match to the first set of changes; 

program instructions to performing an inverse of an opera 
tion included in a change of the one or more of changes; 
and 

program instructions to generating the second area of inter 
est based, at least in part, on one or both of the inverse of 
the operation of the one or more changes and the Syn 
tactical match. 

12. The computer program product of claim 8, wherein the 
second set of changes are included, at least in part, in a second 
changeset. 

13. The computer program product of claim 8, further 
comprising: 

program instructions to retrieve the second set of changes, 
wherein the changes included in the second set of 
changes are selected based one or more of a time stamp 
of a change, textual matching, and syntactical matching; 
and 

program instructions to generate a result that includes, at 
least in part, the first set of changes and the second set of 
changes. 

14. The computer program product of claim 8, further 
comprising: 

program instructions to identify a third area of interest 
based, at least in part, on a result of an analysis of the 
second set of changes. 
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15. A computer system for identifying code changes, the 

computer system comprising: 
one or more computer processors; 
one or more computer-readable storage medium, wherein 

the one or more computer-readable storage medium are 
not transitory signals; 

program instructions stored on the computer readable stor 
age medium for execution by at least one of the one or 
more processors, the program instructions comprising: 
program instructions to retrieve a first changeset that is 

associated with a program based, at least in part, on a 
search parameter that includes a range of time and a 
first area of interest that indicates a first portion of a 
Source code of the program; 

program instructions to identify a first set of changes 
included in the first changeset based on a time stamp 
of a change, wherein a time of the time stamp is 
included within the range of time, and wherein first set 
of changes includes a change to a region of the source 
code that is included in the first area of interest, 

the computer determining whether the change included 
in the first set of changes is a textual change or a 
Syntactical change to the region of the Source code, 
based on textual matching, and syntactical matching, 
wherein syntactical matching includes a comparison 
of a first valid syntax of the first set of changes to a 
second valid syntax of the region of the source code of 
the program that corresponds to the first set of 
changes, and wherein the comparison reveals that a 
syntax of the source code of the program was changed 
by the first set of changes from second valid syntax to 
the first valid syntax: 

program instructions to generate a second area of inter 
est that includes a second portion of the source code of 
the program by updating the first area of interest 
based, at least in part, on i) the change being a textual 
change or a syntactical change and ii) an inverse of an 
operation included in the change, Such that the second 
area of interest includes a third portion of source code 
that is not indicated by the first area of interest; 

program instructions to search for a second set of 
changes based, at least in part, on the second area of 
interest; 

program instructions to identify a possible source of an 
error based, at least in part, on a result of an analysis 
of a syntax of the second set of changes; and 

program instructions to generate a result that includes, at 
least in part, the second set of changes and an indica 
tion of the possible source of the error. 

16. The computer system of claim 15, wherein one or both 
of the first set of changes and the second set of changes 
include records of changes made to a program. 

17. The computer system of claim 15, wherein one or both 
of the first set of changes and the second set of changes 
include changes that have been made to a program. 

18. The computer system of claim 15, wherein the program 
instructions to generate a second area of interest includes one 
or more of: 

program instructions to identifying changes that are a tex 
tual match to the first set of changes; 

program instructions to identify one or more changes that 
are a syntactical match to the first set of changes; 

program instructions to performing an inverse of an opera 
tion included in a change of the one or more of changes; 
and 
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program instructions to generating the second area of inter 
est based, at least in part, on one or both of the inverse of 
the operation of the one or more changes and the Syn 
tactical match. 

19. The computer system of claim 15, further comprising: 5 
program instructions to retrieve the second set of changes, 

wherein the changes included in the second set of 
changes are selected based one or more of a time stamp 
of a change, textual matching, and syntactical matching; 
and 10 

program instructions to generate a result that includes, at 
least in part, the first set of changes and the second set of 
changes. 

20. The computer system of claim 15, further comprising: 
program instructions to identify a third area of interest 15 

based, at least in part, on a result of an analysis of the 
second set of changes. 
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